NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 





NASA CR- 
. LAL ELT 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
| 
(NASA~CBK-141817) RESULTS CF A PRESSUFE N762°13185 
LCADS INVESTIGATICN Ch A G.O3SC-SCALE PCLEL 
(47-OTS) OF THE INTEGEATFD SPACE SHUTTLE 
VEHICLE CCNFIGURATICN 5 IN THE NASA AVWES Unclas 
RESEARCH CENTER 9 BY 7 FOCT LEG CF THE G3/18 05594 


SPACE SHUTTLE 





AEROTHERMODYNAMIC DATA REPORT 


JOHNSON SPACE CENTER DATA DaNagement services 


HOUSTON, TEXAS eonce oveon Oy CHBYSLER 





ee Se ee ee ee Ee 


awe ee i ee ee ee ee ee ee = 


= em mei te ee i ne eet a a er RE Pai ee a a ee ee 








October, 1975 


DMS-DR-2194 
NASA CR-141,817 


RESULTS OF A PRESSURE LOADS INVESTIGATION 
ON A 0.030-SCALE MODEL (47-OTS) OF THE 
INTEGRATED SPACE SHUTTLE VEHICLE COiFIGURAT ION 
5 IN THE NASA AMES RESEARCH CENTER 9 x 7 


FOOT LEG OF THE UNITARY PLAN WIND TUNNEL (1IA81B) 
VOLUME 1 OF 5 
by 
E. Chee 


Shuttle Aero Sciences 
Rockwell International Space Division 


Prepared under NASA Contract Number hno9-13247 


by 
Data Management Services 


Chrysler Corporation Space Division 
New Orleans, La. 70189 


for 
Engineering Analysis Division 
Johnson Space Center 


National Aeronautics and Space Administration 
Houston, Texas 





| 
| 
| 





a ee ae ee ee Ne Oe 


WIND TUNNEL TEST SPECIFICS: P 
Test Number: ARC 97-019 
NASA Series Number: IA81B 
Model Number: 47-OTS 
Test Dates: August 6-22, 1974 
Occupancy Hours: 208 
FACILITY COORDINATOR: AERODYNAMICS ANALYSIS ENGINEER: 
Jack Brownson H. Sexton, 
Ames Research Center J. S. Stone 
Mail Stop 227-5 Rockwell International 
Moffett Field, Caiif. 94035 Space Division 
12214 Lakewood Olvd. 
Phone: (415) 965-6262 Mail Code ACO7 


Downey, Calif. 90241 
Phone: (213) 922-4831 


PROJECT ENGINEERS: 


T. J. Dziubala, J. C. Morfort 

E. Chee & M. D. Milam Ames Research Center 
Rockwell International Mail Stop 227-5 

Space Division Moffett Field, Calif. 94035 
Mail Code ACQ7 

Downey, Calif. 90241 Phone: (415) 965-6258 


Phone: (213) 922-4620 


DATA MANAGEMENT SERVICES: 


Prepared by:  Liaison--D. W. Hersey 
Operations--M. M. Mann, H. C. Zimmerle, G. W. Klug, Jr. 


Reviewed by: OD. E. Poucher 


Approved: J. LUM __.. Concurrence: if 
Ge Glyph, Manager Kémp, Mana 


fe “Operations Data “Management Services 


Chrysler Corporation Space Division assumes no responsibility for bie 
data presented other than display characteristics. 


® 





eg ee ee 


oe ee ee oe ee ee 


— nee e 
ecg En ihe EE ER hive ae EROS Rp sia Re -e > .* 
si 
‘7 
, 
‘ 





RESULTS OF A PRESSURE LOADS INVESTIGATION ON 
A 0.030-SCALE MODEL (47-OTS) OF THE 
INTEGRATED SPACE SHUTTLE VEHICLE CONFIGURATION 
5 IN THE NASA AMES RESEARCH CENTER 
9 x 7 FOOT LEG OF THE UNITARY PLAN WIND TUNNEL (IA81B) 
by 


E. Chee, Rockwel? International Space Division 
ABSTRACT 


Presented in this report are results ot wind tunnel test IA81B. The 
model tested was a 0.030-scale model of the Integrated Space Shuttle 
Vehicle Configuration 5. Testing was conducted in the NASA Ames Research 
Center 9 x 7-foot Unitary Plan Wind Tunnel to investigate pressure dis- 
tributions for aeroloads analysis at Mach numbers from 1.55 through 2.5. 
Angles of attack and sideslip were varied from -G to +6 degrees. 

This report consists of 1 volume of force data and 4 volumes of 
pressure data for a total of 5 volumes. They are arranged in the fol low- 


ing manner: 


Volume No. Contents 
1 IA81B force data 
2 IA81B plotted pressure data 
3 IA81B tabulated pressure data 
(a) orbiter fuselage pages 1-299 


(b) left lower wing surface pages 300-728 





4 ABSTRACT (Concluded) 
Volume No. Contents 
4 1A81B tabulated pressure data 
(a) left upper wing surface pages 729-1187 


(b) right lower wing surface pages 1188-1299 
(c) right upper wing surface pages 1300-1459 


| 5 IA81B tabulated pressure data 
(a) left vertical tail surface pages 1460-1571 
b) SRM booster pages 1572-1759 
c) external tank pages 1760-2058 


d) miscellaneous orifices pages 2059-2163 
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INDEX OF DATA FIGURES (Concluded) 


PLOTTED CCEFFICIENTS SCHEDULE: 


A) 


B) 


C) 
D) 
E) 
F) 
G) 
H) 
I) 
J) 
K) 
L) 
M) 


N) 
0) 
P) 
Q) 
R) 
S) 


CAF, CNF, CLMF versus ALPHAI 
CNF versus CLMF 


CY, CYNF, CBL versus BETAI 
CY versus CYNF 

CY versus CBL 

CHEO, CHEI versus ALPHAO 
CABO versus ALPHAO 

CABET versus ALPHAT 

CABSRB versus ALPHAL 
CABSRB versus ALPHAR 
CAFAFO versus MACH 

XAC/LV versus MACH 

CNALFA versus MACH 

YAC/LV versus MACH 

CYBETA versus MACH 

CHEO, CHEI versus MACH 
DCAF, DCNF, DCLMF versus MACH 
CP versus X/LB 

CP versus X/LT 

CP versus X/LS 

CP versus X/CV 

CP versus X/CW 





| NOMENCLATURE 
General 


PLOT 
J AYMBOu, SYMBOD DEFINITION 


speed of sound; m/sec, ft/sec 


Cp CP precsure coefficient; (py pe) 
M MACH Mach number; V/a 
! » pressure; N/m, psf 
} q w{ NSM ) dynamic pressure; L/eev, N/m, pet 
Q( PSF ) 
RN/L RN/T unit Reynolds number; per m, per ft 


velocity; m/sec, ft/sec 


me ee ee ke SE a ee ee 


a ALPHA angle of auttack, degrees 
B BETA angle of sideslip, degrees 
Wy PST snpie of yaw, degrees 
: $ PHI angle of roll, degrees 
Pp mass density; kg/m3, slugs/ft> 
Reference & C.G. Definitions 
Ab base sre:; me, ft© 
b BREF wing Spun or reference en ft 
Coes center of gravity 
buy LR EF reference length or wing mean 
G yerodynumic ch d; m, ft 
S) OREF wing eres or reference area; m, ete 
MRP moment reference point 
XMRP moment reference point on X axis 
YMRP moment reference point on Y axis 
ZMKP moment reference point on Z ax‘s 
SUSE CRIPTS 
t base 
‘ local 
: static conditions 
t total conditions 


© free stream 
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


NOMENCLATURE (Continued ) 


minerey asi: ep epee? | /5S 


a ears 


me em ae ee ee ee ee oe a 


ec ee ee en ee ee he Ry ae tet +. 2 


yO gamete 
) 


Body -Axis system 


PLOT 
SYMBOL SYMBOL DEFINITION 
Cy CN normel-force coefficient; normel force 
q 
Ca CA sxiel-force coefficient; Sen SESS 
qd 
Cy CY side-force coefficient; side force 
qs 
CAL CAB base-force coefficient; ease Sore’ 
q 
“Ap( Pp - Po)/aS 

Cap CAF forebody axial force coefficient, Cy, - CAL 
On CLM pitching-moment coefficient; a) a 

aSiRey 
Cy CYN yawing-moment coefficient; yawing moment 

| qSb 
Cy CBL rolling-moment coefficient; rousing mone 
Stability-Axis System 
Cy CL lift coefficient; = 
Cs CD dray cocfticient; drag 
qs 

Un CDB pase-drag coefficient; >88¢ or86 
mS qs 
CD, CDF forebody drag coefficient; Cy - CD, 
cy CY side-rorce coefficient; et 
Sn CLM pitching-moment coefficient; eae" al 

QSZREF 
n CLN yawinr-moment coefficient; vowing Ronen 
S COL rollirg-moment coefficient; rolling moment 

qSb 

L/D L/D lift-to-drog retio; Cy/Cp 


1] 
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NOMENCLATURE (Continued) 


Additions to Standard Nomenclature 


Plot 
Symbol symbo] 


* bey 


CABET 
Cy CABO 


CABSRB 


Defintion 


external tank base area, ft? 


body flap upper surface area, ft? 


Orbiter base area, ft? 


OMS pod base area, ft? 


SRB base area, ft? 
external tank base axial force coefficient 
Orbiter base axial force coefficient 


SRB base axial force coefficient 


external tank total axial force coefficient 


external tank forebody axial force coefficient 
Orbiter forebody axial force coefficient 


SRB forebody axial force coefficient 


Orbiter total axial force coefficient 








ee ee NE a ee te 


OMS 
RN/FT 


Se 


SRB 


fe a eh ee AL Pera 


RN/L 


X/CW 
X/CV 


X/LT 





NOMENCLATURE (Continued) 


Definition 


OMS pod average base pressure coefficient 


SRB average base pressure coefficient 


pressure coefficient associated with ‘ho tap 


external tank 


Oribter base incidence angle to a line of constant 
Xo? deq. 


Orbiter fuselage length, in. 


moment reference point 
orbital manuvering system 
unit Reynolds number, million per foot 


elevon surface area, ft? 


solid rocket booster 


longitudinal distance from MRP to bodyflap area 
centroid, in. 


longitudinal distance from MRP to Orbiter base area 
centroid, in. 


chordwise location on wing 
chordwise location on vertical tail 


Orbiter longitudinal station, in. 


location on Orbiter, fraction of Orbiter body length 
aft of Orbiter nose 





ee ee ee i ee ee 


ewes © serwrns 2 as - 


ae ae em ee er i pee cee cr 


Plot 


CHEI 


CHEO 


CMBF 


CMBO 


NOMENCLATURE (Continued) 


Definition 


SRB total axial force coefficient 
elevon mean aerodynamic chord, in 
inboard elevon hinge moment coefficient 


outboard elevon hinge moment coefficient 


bodyflap upper surface pitching moment coefficient 


Orbiter base pitching moment coefficient 


Orbiter forebody pitching moment coefficient 


Orbiter total pitching moment coefficient 
bodyflap upper surface normal force coefficient 
Orbiter base normal force coefficient 


Orbiter forebody normal force coefficient 


Orbiter total normal force coefficient 


external tank average base pressure coefficient 


bodyflap average upper surface pressure coefficient 








Plot 
Symbol symbo | 


Do 

Xe XS 

Xo/ he X/LS 
Xy XT 

Ko / kr X/LT 
Yo YO 

Yo YS 

Y, YT 

Z 

b, 

Z Z0 

Ze ZS 

cy ZT 

X ALPHAQ 
% ALPHAL 

L 

Oc ALPHAR 

R 
Or ALPHAT 
By BETAO 


a a Pen ee ey Se a her a ee a eee 


NOMENCLATURE (Continued) 


Definition 


Orbiter average base pressure coefficient 


SRB longitudinal station, in. 


location on SRB, fraction of SRB body length aft 
of SRB nose 


external tank longitudinal station, in. 


location on ET, fraction of ET body length aft of 
ET nose 


Orbiter lateral station, in. 
SRB lateral station, in. 
external tank lateral station, in. 


vertical distance from MRP to Orbiter base area 
centroid, in. 


Orbiter vertical station, in. 

SRB vertical station, in 

external tank vertical station, in. 
Orbiter angle of attack, degrees 


left SRB angle of attack, degrees 


right SRB angle of attack, degrees 


external tank angle of attack, degrees 


Orbiter angle of sideslip, degrees 


15 





a ee 


Plot 
Symbol Symbo1 
a BETAL 
| Bes BETAR 
3 8. BETAT 
, Se, ELV-IB 
: Se. ELV-08 
| Sp RUDDER 
) Sop SPDBRK 
n 2Y/b 
" PHI 
Ca. 
By BETAI 
a ALPHA 
X/LB X/LB 
Y/BW Y/BW 
Z/BV Z/BV 


sroseg te eg fee te See 
peat Ge Pa 
Nikon 


NOMENCLATURE (Continued) 


Definition 


left SRB angle of sideslip, degrees 
right SRB angle of sideslip, degrees 


external tank angle of sideslip, degrees 


inboard elevon deflection angle, degrees 
outboard elevon deflection angle, degrees 


rudder deflection angle, degrees 

speedbrake deflection angle, degrees 

spanwise station, 2Y/b 

radial location, degrees 

orbiter sting cavity axial force coefficient 
integrated vehicle angle of sideslip, degrees 


integrated vehicle angle of attack, degrees 


longitudinal position/body length (fuselage) 
local spanwise position/wing span 


local spanwise position/vertical tail span 
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cam ean es ante RE ea ES At TRE ar De TE ln clare tis a oe 


ane 


CHM} 
CHM2 
CHM3 


CHM4 


CNF 


CAFAFO 


CNALFA 


XAC/LV 


YAC/LV 


CYBETA 


DCAF 


DCNF 


DCLMF 


CHM} 


CHM2 


CHM3 


CHM4 





NOMENCLATURE (Continued) 


Definition 


forebody yawing moment coefficient, body 
axis system 


forebody pitching moment coefficient 
forebody normal force coefficient 


forebody axial force coefficient at zero alpha 


derivative of normal-force coefficient with 
respect to alpha, per degree 


vertical tail chordwise center of pressure 
location 


vertical tail spanwise center of pressure location 


derivative of side-force coefficient with 
respect to beta, per degree 


incremental forebody axial force coefficient 


incremental forebody normal force coefficient 


incremental forebody pitching moment coefficient 
contributions of the forward bridge to the 
inboard elevon hinge moment coefficient 


contributions of the aft bridge to the 
inboard elevon hinge moment coefficient 


contributions of the forward bridge to the 
outboard elevon hinge moment coefficient 


contributions of the aft bridge to the 
outboard elevon hinge moment coefficient 


V7 





ee + - 
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Tne fourth letter of the data set identifier indicates the component, 


e.g., RETTO4. 
Force 
0 
T 
L 
R 
H 
I 


Pressure 


ow 


oy a (2 a? ee “a oe 


B, 


NOMENCLATURE (Concluded) 


Data Set Identifiers 


Orbiter 

External Tank 

Left SRB 

Right SRB 

Orbiter - Hinge moment 


Integrated Vehicle 


Orbiter Fuselage 

Left Wing lower surface 

Left Wing upper surface 

Right Wing lower surface 
Right Wing upper surface 
Left Vertical Tail 

SRM Booster 

External Tank 


Miscellaneous Orifices 


18 





! 





CONFIGURATIONS INVESTIGATED 


The model was a 0.030-scale representation of the Rockwell] Inter- 


ce ene er a ae a A te ee me = vente b ae 
1 


national Space Shuttle Integrated Vehicle. The Orbiter was per VL70- 
000140A/B lines. The external tank represented VL78-000063 lines. The 
solid rocket motors were per VL72-000066 lines. Figures 2a, b, and c 
present sketches of the model configuration. Model simulation included 
attach structure protuberances, fairings, fuel feed lines, vent lines, 
etc. (basic model construction was of ARMCO 17-4 steel). 


Model forces and moments were measured by 3 Task Corporation six 


re ee ee ee - 


component balances. A 2.5 in. MK XXA was mounted in the Orbiter. A 2.0 
in. MK ILIC was mounted in the external tank. A 1.5 in. MK IIC was 
mounted in the LH SRB. The balances are attached to stings entering each 
component through the base areas. Figures 2m and 2n show the balance 
locations in the model. The RH wing inboard and outboard elevon panels 
are instrumented with hinge moment gages as shown in figure Ic. 

Surface and base pressures were measured on the Orbiter, external 
tank and solid rocket motors. The Orbiter was instrumented with a total 
of 480 pressure-orifices, of which 6 were base and cavity pressures. The 
external tank was instrumented with a total of 314 pressure orifices. The 
LH SRM was instrumented with a total of 149 pressure orifices. Orifice 
locations are presented in tables IV through VIII and figures 2d through 
21. 


The following model shorthand configuration notation was used: 


LVA' = ATog thru 32 Flig Flia FRig Nag 1 PTy2 PT22-27 S21 Tae 
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CONFIGURATIONS INVESTIGATED (Concluded) 


AT»og thru 32 = Attach hardware structure 


FLio = LH feedline 

FL yy = LO> feedline 

FRig = Umbilical door fairing 

Ng6 = Nozzles for solid rocket boosters 
9) = Bag &g Fag Fo ye Nog Rs Ye M16 
PT 12 = Lightning rod on nose of Tog 


PT22 thru 27 = External protuberance 
$?] = Solid rocket boosters 


Tog = External tank 


Where model dimensions are as described in table III. The LVA' con- 
figuration was tested with speed brake gap both sealed and open and with 
elevon gap both sealed and open. The (instrumented) right elevon gap 
was sealed by a permanent sponge rubber seal. The left elevon gap was 


Sealed with plaster. Speed brake gaps were sealed by red wax. 
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> TEST FACILITY DESCRIPTION 


! The Ames Research Center 9 by 7 foot Supersonic Wind Tunnel is a 
closed-circuit, air-medium, variable-density facility capable of attain- 
ing Mach numbers from 1.55 tc 2.50 at Reynolds numbers from 1.5 x 10°/ Ft 
to 6.5 x 10°/ ft. The 18 foot long test section is part of a dual system 
of supersonic circuits and uses the same motors and compressor as the 


8 by 7 foot tunnel. A sliding-block throat arrangement is used to con- 


i Sab eel) eS ae —« 


trol tunnel Mach number. 


Models are supported by means of stings attached to the wall-to-wall 


es ee ee ot 


Strut/BOR system of the 9 by 7 foot tunnel. 


Schlieren photograph, shadowgraphs, and pressure monitoring instru- 


mentation are available. 





7 Y DATA REDUCTION 


All balances data were reduced to coefficients about a moment re- 


ference point located at: 


X. = 976.0 in. 


T 


Vy z (0.0 in. 


Z~ = 400.0 in. 


T 


ee ee - 


The following reference dimensions were used: 


5 = 2690.0 ft 


7 ay 1287.0 in. 
Hinge moment data were reduced about their respective hinge lines 


using the following reference values: 
< 2 
Se 210.0 ft 


C. =z 90.7 in. 


Base and forebody coefficients were calculated as follows: 
A A 
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A 
Boms 


= 122.57 ft 


597.56 ft 


142.6 ft 


314.10 ft 





DATA REDUCTION (Continued) 
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7: DATA REDUCTION (Concluded) 





- A, = 201.07 ft? 
| SRB 
| i. = 14.75° 
bo 
| Xve = 1329.7 in. 
; X= 1263.0 in. 
0 
ra = 336.5 in. 


Base pressure coefficients represented the average pressure on the 


respective bases. Body flap pressure coefficients were as given by figure 


- ee ee ee ee ee RR = a oe 


20. 


Right SRB forces and moments were calculated as a mirror image of left 


SRB forces and moments about g = 0: 


Coefficient on Coefficient on 
Right SRB - Left SRB 
at +8 at -8 


Forces and moment on each component (Orbiter, ET, left SRB, and 
right SRB) were interpolated versus the respective angle of attack and 
angle of sideslip of each component to nominal angles. These data were 


then added to provide total integrated vehicle forces and moments. 


i P 
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TABLE I 





TEST + IA8IB 





DATE 3 8-23-74 











TEST CONDITIONS 


REYNOLDS NUMBER DYNAMIC PRESSURE TAGNATION TEMPERATURE 

MACH NUMBER (pounds/sq. inch) (degrees Fahrenheit) 
ERR ES a i Seca Silliness 
1.55 2.50 x 10° 3.189 
<.50 x 10° 3.189 | zo 
2.50 x 108 3.750 _ io 
2.50 x 10° 3.472 | io 





BALANCE UTILIZED: Task Corp 2.5" MK XXA, 2.0" MKIIIC, 1.5" MKIIC 
ri Ng 6 IRS Gs To MINE 


COEFFICIENT 
CAPACITY: 
pAEUY: og 1.5" TOLERANCE: 


olelele 1018 eele 
3000 900 V0 


COMMENTS: 


25 


Maia. sp Mini SO a CE oN NE rae asl 











=) eee a ee I a 


em ee ee eee ee ee ee ee ee ee oe 


TABLE II 
DATA SET/RUN NUMBER COLLATION SUMMARY 





97-019 





ITEST: ITASB/B 
















TEST RUN NUMBERS 
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TABLE III, - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ATTACH STRUCTURE - AT 52 


GENERAL DESCRIPTION: Rear orbiter to ET attach structure (LH and RH). 2 Members. 


MODEL SCALE: _0,030 MODEL DRAWING NO.: 


IRAWING NO.: V1L78-000063, -000062B 
DIMENSIONS: MEMBER 





#1 X 


Xp 
Yr 


Diameter, In. #1. 





a a ee eee Te em 


FULL SCALE MODEL SCALE 
1317.00 39 51 
- 96.50 (LH) - 2.895 
96.50 (RH) 2,895 
267.50.  _ 8.025 
2058.00 | 61,740 
= 125,68 (LH) -_3.770 __ 
125,68 (RH) __3,770 
215.5 15465 
1317.00 39.51 
- 96.50 (LH) = 2.895 _ 
96.50 (RH) _ 2,895 


267.50 ___ 8,025 
1872.00 56.160 


__7125.6& (LH) =-_ 3.770 
125.68 (RH) __3.770 
504.5 15.135 


11.5 0.345 
15.5 


ee ee oe ee ee 


ee ee Oe ee ene oe ee ah A km 
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TABLE III. -MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: ATTACH STRUCTURE - AT 29 
GENERAL DESCRIPTION: Right-hand umbilical fairing to ET cross member attach 


structure (1 member). 


MODEL SCALE; 0.030 MODEL DRAWING NO.: 


DRAWING NO.: VL78-000062B, -Marvin Marietta 82600207000 


DIMENSIONS : FULI, SCALE MODEL SCALE 
Umbilical fairing attach point: Ko 1317.00 _ _ 39.510 
Y 66:36 = _1.989 

Zo 2U74182 07S 

Xp 2058483 8 =_ALLILG 

Yp 66.316 = 989 

ap 383.683 _17.510 _ 

ET attach point: Xen 2058.00 | 61.740 __ 
Yp = _= 12,00 _= 0,360 __ 

Zp 568,25 170K 

Xo = 1317.00 39.510 

Yo 212,00. = 0.36 

2 = =960.73 = __1.823 


Attach structure dia., in. 4.5 0.135 








| TABLE III. -MODEL DIMENSIONAL DATA- Continued. 
MODEL COMPONENT: ATTACH STRUCTURE = AT39 


GFNERAL DESCRIPTION: Forward SRR to FT attach structure (LH and RH). 


ee ee ee 


MODEL SCALE: 0.030 


DRAWING NO.: VL78~000064, Martin Marietta 82600204300 


: DIMENSIONS: FULL SCALE § MODEL SCALE 
: Attach point Xm 985.475 29.570 
Yr -172.50 (LH) - 5.175 
| 172.50 (RH) 5.175 
! ZT 0.0 0.0 
| Xs 442.675 13.280 
! Vs 80.00 2.100 
Zs 0.0 2.0 
Xo 2b, .675 7.340 


Yo ~ 184.5 (LH)—5.535 
18.5 (RH) 5.535 


Zo 0.0 0.0 








MODEL COMPONENT: ATTACH STRUCTURE - AT3) 


' 
: 
! 
| 


GENER¢L DESCRIPTION: Rear ®T to SRB attach structure (LH & 2H), 3 members. 
| MODEL SCFLE: 0.030 2 MODEL DRAWING: 


DRAWING NO.: _ VL78=-000063, -000062B, ~000066 


} DIMENSIONS: MEMBER FULL SCALE MODEL SC: Lt 
#1 XT 2058.00, _ ALJ, 

YT _- 171,50 a - ho. 

171,50 (RH) 5.145 _ 


ZT 457.00 13.710 _ 
| Xs 2511.00, = 45 3 
Ys 52k 597 
Zs ee IBOOK. ate: 


# (XT ~— 2058.00, __41,74 
| 23494 


Xg 1511.00 45.33 


3 XT 2058.00 1.7 


Diameter of members, In.: fi 


e 
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TABLE I11.- MODEL DIMENSIONAL DATA - Continued. 


SY MODEL COMPONENT: ATTACH STRUCTURE - AT32 


GENERAL DESCRIPTION: Forward orbiter /ET attach structure (2 member structure) 


MODEL SCALE; 0.030 


DRAWING NO.: VL78-0000462B, Martin Marietta R260020914 


DIMENSIONS: MEMBER 


# Xo 
Yo 
(Attach pt on orb Zp= 614) 4 


(Attach pt on tank) Zen 


fe Xo 


Diameter, In. fi 
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ORIGINAL PA'S 


FULL SCALE MODEL SC)LE 
388.15 11.4445 
0.0 0.0 
LHR ML IWR OMI 
1129.9 = 3405. 
—b6.50  _1.395 
562,58 16.877 
388.15 11.445 
= 0,90 0,0 
UR ME =—_IAR ML 
2329.9 3405 = 
246.50 ~_1.35%) 
562,58 $16,877. 
6.0 0.190 
6.0 0.18 
Cerne 
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TABLE I1I.- MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT :__ BODY - Bog 
GENERAL DESCRIPTION : Configuration 140A/B orbiter fuselage 


NOTE: B is identical to Bs, except underside of fuselage has been 





refaired to accept Wii: 


Voy ' fn 


DRAWING NUMBER : 
~000140A, -00014,0B 


DIMENSIONS : FULL SCALE MODEL SCALE 
Length (QML: Fwd Sta, X,#235), In. 1293.3 38.799 


Length (IML: Fwd Sta. X9=23@), To 2290.3 38,709 


Mox Width (@ X, = 1528.3), In. W. 26b,0 7,920 
Max Depth (@ X, = 1444), Tn. 250,00 7500 
Fineness Ratio SUSU © PO Aa) © PY) 
Area - Fr? A Se 
Mox. Cross-Sectional as | 0 - |; Sen OPO 0! A 
Planforn 
Wetted a 
Bose aS 











TABLE III. - MODEL DIMENSIONAL DATA - Continued. 





MODEL COMPONENT :__ CANOPY - Co 
: GENERAL DESCRIPTION : Configuration 3A. Canopy used with fuselage Bog: 


! MODEL SCALE: 0.030 MODEL DWG _NO,: SS-A0Q}47 
: DRAWING NUMBER: ___VL70-000143A 

! 

| 

! 

| 

: DIMENSIONS : FULL SCALE MODEL SCALE 


Length (X, =434. 643 to 578), In.___ 143,357 _4.301 


Max Width (X= 513.127), In. 152. 412 4.572 
Mox Depth (At X, = 485.), In. 25. 000 9.750 


Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform 
Wetted 


TT 
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TABLE III. - MODEI. DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: SON es, 


GENERAL DESCRIPTION: 4.0 In, F.3, gaps machined into "., elevon, Flapper 


dorrs, ranterhady pieces, and tinsgeal s 
« Cae neene nena 


one of two sides), 


are not simu 





MaDE 





DRAWING NUMBER: Not. available 

OIMENS IONS: FULL -SCALE MODEL SCALE 
Area -- Ft? 210.0 O,189 
Span (equivalent), Jn. 349.2 10,'.76 
Inb'd equivalent chord , Tn. 12,0 _ 35h 
Outb'd equivalent chord, In, 55419 L454 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0, 2094 0.2094 

At Outb'd equiv. chord — 0, 2094 0.2094 
sweep Back ingles, degrees | 

Laading Edge 94.00 ~ 0,00 

Trailing Edge ~ 10,956. 0.056 

ee of area & c) 


Area Moment (Nopmedotoohdngeodéoe ), Ft.” 157,25. ae 0 0): 


Mean Aerodynamic Chord, In, 90.7 


MA pp UPR WR Ga eth ee 


| 
: 
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TABLE III]. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT :,__BODY FLAP = Fo 


GENERAL DESCRIPTION : __ Configuration 140 AR 


Meme rrr a SS SS SS SS GD 


MODEL SCALE: 0,030 


cr PR GD SPP SP PE ES PS i, a DP a tN IS 


DRAWING NUMBER: .VL70-00012,038, -O00200 


DIMENSIONS : 


Length (Chord), In. 
Max Width ’ in; 


Max Depth , In. 


Fineness Ratio 
Areo - Ft? 
Max. Cross—Sectional 


Planform 


Wetted 


FULL SCALE 


8l,.7 
262.308 


23.00 





142,60 


MODEL SCALE 


2.541 
7,869 


0.690 _ 





ra TABLE III. - MODEL DIMENSIONAL DATA ~ Continued. 


MODE! COMPONENT: FEFDLINE - Fly 


a ee ee Pe Oo ate —_—_— hs has hoa 


MODEL SCALE: 0.030 
DRAWING NO.: VL78-000063, ~000062B 


UIMENSIONS: 


ee ee eee 


leading edge at: Kr 
wT 


op 
Traliine edge at: Xm 


a ee ee ee gee at ree ee ie ee = 


Yr 


Diameter of line (17.0 I.).) 


38 





FULL SCALE 


2071.5 

- 70.0 
573.934 

2081.80 

- 70,00 
584.059 
18.160 


GENERAL DESCRIPTION: LHa feedline on upper left-hand side of Tog. 


32 
> 
ag 


62.145 
~ 2,100 
17,218 
62.454 
- 2.10 
17.522 
0.545 








ig 
| . TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
. 2 
a MODEL COMPONENT: Pee el 
ee GENERAL DESCRIPTION: LO, feedline on upper right-hand of To. 
: MODEL SCALE: 0. 030 
: DRAWING NO.: _VL78-000063, VL78-000062B 
| DIMENSIONS: 
! FULL SCALE MODEL SCALE 
t 
) Leading edge at: Xr 1000-667 _ 30.02 _ 
! 
. Yq 70. 00 2.10 
: 2, 150.519 4.516 
Trailing edge at: X+ 2071.5 62,145 
7 70. 00 2.100 
Zy 573,934 17,218 
Line diameter (17.01.D.) (O. D.) 18.16 0,545 
| 
’ 
a. e 





TABLE III. -MODFI DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: FAIRING - FRy0 


GENERAL DESCRIPTION: Umbilical door fairing between aft FT/orbiter 


ne ek nn 8 ae ae aye a i Be onthe + 


attach structure, 


; MODEL SCALE: 0.030 


DRAWING NO.: VIL7®-000043, -OO00A428, Martin Marietta 82600207000 


DIMFNSIONS: FULL SCALE MODEL SCALE 
| Leading edge at 2052.0 61.74 
| Length 193.0 5.79 
! Width | 15.0 0.45 
| 
40 





| { TABLE III, -MOD"I, DIMENSIONAL DATA- Continued. 


MODEL COMPONENT: OMS Pop - My | 


1: = 


GENERAL DESCRIPTION: Configuration 140C orbiter OMS ped = short nad 


er ale a I Pr pe 








MODEL SCALF: 0,030. bal | 


DRAWING NUMBER VL70-008L01. -008)10 
DIMENSION: | | FULL SCALE MODEL SCALE 


ee ee ee en 


Length (OMS Fwd Sta. X =1310.5), In. 258.50 7.755 
Mox Width (@ Xo = 1511), In. 136.8 1.104, 


Mox Depth (@ X, = 1511), In. 7.70 2.241 


Fineness Ratio 2.484 2.484, 
Area - Ft2 


Max Cross-Sectional 58.864 O05 8 ass cs 
Planform 
Wetted 
Bose | 
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TABLE III. - MODEL DIMENSIONAL DATA- Continued. 


MODEL COMPONENT: © (MS NOZZINS -» Nog | 
SENERAL DESCRIPTION: Configuration 140A ’3 orbiter OMS Nozzles 


cs rr ee 





ee 


MODEL SCALE; 0.030 





DRAWING NUMBER: 35-A00106, Yel Contour 
DIMLNSIONS: FULL SCeLE MODEL SCALE 
MACH NO. | 
Length - In. 


Gimbal Point to Exit Plane 
Throat to Exit Plane 


Diameter - In. 
exit 
Throat 
Inlet 

Area - rt* 
Exit 
Throat 


Gimbal Point (Station) - In. 
Left Uppea Nozzle 





Xo 1518.00 

Yo. TREO. | ao 

Lo 492.00 14,76 
hight Bower Nozzle 

Yo 28.0 at 

Lo R08. a a Th 


Null Position - Deg. 
Left Upper Nozzle 
Pitch 15°u9! 15%9' 
Yaw 12°17! 12°17" 


Right Horr Nozzle 


Pitch ©191 0 
fav So ee 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: BSRM NOZZLE - Ngg¢ 


GENERAL DESCRIPTION: Booster solid rocket motor nozzles. 


MODEL SCALE: 0.030 


DRAWING NO.: VL70-000066 


DIMENSIONS: FULL SCALE MODEL SCALE 
Diameter, Day - In. (I.D.) 14.29 h,. 3287 
Diameter, De, - In. (0.D.) 146.79 4, . 4037 


Diameter, DT - IN. 
Diameter, Ds, = In. 
Area - Ft2 
Max. Cross-sectional (I.D.) 113.553 0.102 
Gimbal Origin: 


Left Nozzle 
Xo 1902.6 57.078 
Yo =-250.50 = 7,515 
26 400.0 12.00 


Right Nozzle 


Xo 1902.6 57.078 
Y. 250.50 7.515 
20 100.0 12,00 


Null Position: (Deg. ) 


Left nozzle gimbal + 8 + 8 
Right nozsle gimbal + 8 + 8 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: ET PROTUBERANCE ~ PT) 


GENERAL DESCRIPTION: Lightning rod attached to ET nose. 


MODEL SCALE: 0.030 





DIMENSIONS: FULL SCALE MODEL SCAL® 
Length 30.90 0.927 
Diameter - In. 3.20 0.096 
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! 1 TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
m MODE: COMPONENT: ELECTRICAL LINE = PPog 

! GENERAL DESCRIPTION: _ Left-hand electrical conduit line on Tog, 


a nt nn 





. MODEL SCALE: 0,030. A Tae 
! DRAWING NUMBER _VL78-000063, -000062B 
| DIMENSION: | | | FULL SCALE | MODEL SCALE 
| Leading edge at: Xp 1084 333 32,530 
, Yr 299,59. = = 2.988 
| an -139.620 mo: 4.1 
: Trailing dee at: Xr ——2058.000_ £1,740 
Yr -~ 99.591 - 2.988 
Zn - 139.620 Paes 4.189 initio 
Conduit size: he 0X .f.0_. —O.0A x O18. 
Centerline of line located radially at ¢ = by aa (.- , 
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TABLE III. -— MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: J.02 RECIRCULATION LINE - PT93 


GENEXAL DESCRIPTION: LOg recirculation line on right-hand upper side 


side of Togs 


MODEL SCALE: 0.030 


DRAWING NO.: VL7@=-000063, =000062B, Martin Marietta 82600207000 


DIMENSIONS: FULL SCALE MODEL SCALE 
Leading edge at: Xr 1040. 667 31.220 
Yr 94.169 2.825 
Zn 510.934 16.228 
Trailing edge at: Xr 2062. 920 61.888 
Yr 70.000 2.100 
op 573.93k 17.218 
Diameter of line 4.0 0.120 


Centerline of line located radially at @ = 33°%5! 
(Right of TCC looking forward) 





® TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


| 
| MODEL COMPCNENT: LH, RECIRCULATION LINE PTo), 
| GENERAL DESCRIPTION: LH. recirculation line on Tog. 





MODEL SCALE: 0.030 

| DRAWING NO.: VL78-000063, -000042B, Martin Marietta %2600207000 

| DIMENSIONS: FULL SCALE § MODEL SCALE 
| Leading edge at: Xm 1040.667 31.220 

| Yr - 94.169 = 2.825 

| 27 540.934 14.228 

| Trailing edge at: Xp 2062.920 61.883 
YT =- 70.00 -2.100 

! aT 573.934 17.218 

| Diameter of line 4.00 0.120 


Centerline of line located radially at @ = 33°%5! 
(Left of TOC looking forward) 
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TABLE I11. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : ELECTRICAL LINE - PT 95 ia 
GENERAL DESCRIPTION: Right-hand aft electrical conduit line on T 28 with 


— re et ee ee 


LH ressur i 


ee! 


i 
MODEL SCALE: _0. 030 
ORAWING NO.: VL78-000063, -000062B, Martin Marietta 82600207000 


DIMENSIONS: 
FULL SCALE MODEL SCALE 
| Leading edge at: Xy 1084, 333 _ 32,530 
| Yr 99.591 2.988 
: Zy 139.620 4.189 
Trailing edge at: Xy 2058,000 _ 61,74 
Yr 99.591 __ 2.988 
ty ee Tee Le ae 
Line diameter 2.0x 6.0 0.06x 0.18 


Centerline of line located radially at = 35.5° 








{ TABLE III. - MODEL DIMFNSIONAL DATA- Continued. 


MODEL COMPONENT: 0, PRESSURS LINE = FT o¢ 





GENERAL DESCRIPTION: LO» pressure line on To. 


MODEL SCALE: 0.030 
DRAWING NO.: VL78-000063, -0000628, Martin Marietta &2600207000 


DIMENSIONS: FULL SCALE MODEL SCALE 
Leading edge at: Xp 360.733 10.822 
Yr 15.145 0.45% 
op 107.718 12, 232 
Trailing edge at: Xp 2083.5 62.505 
| Yr 63.25 1.898 
on 609.00 18,27 


centerline of line located radially at @ = 27° 


Line diameter 2.0 0.060 
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MODEL COMPONENT: ELECTRICAL LINE - 'T29 
GENERAL DESCRIPTION: Electrical conduit on the right-hand forward 


| 
: | TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
section of Tog. 
| 
| 


MODEL SCALE: 0.030 


DRAWTi.? NO.: VIL78-~000062B 


| DIM SIONS: FULL SCALE MODEL. SCAL* 

Leading edge at: Xr 360.733 10,422 
Yr 11.549 0.344 

| 2r 412.476 12.374 

| Trailing edge at: XT 876.273 26,288 

| Yr . 226.114 6.783 

| 2T 646.77 19.403 


Centerline of conduit lecated radially at J = 47.5° 
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TABLE III. - MODFL DIMENSIONAL DATA~ Continued. 


MODEL COMPONENT. LUDDER = Re a oa 
GENERAL DESCRIPTION: Configuration 1400 orbiter rudder (Identical to 
configuration 140A ’R rudder), 


LL 


ee 8 en ee I Oe A pei Ge ata oe 


LS eS fee ih Se esteeeenianengnaeeniegeeeere, an 


| MODEL. SCALE: 

| DRAWING NUMBER: VELZO-QQ01LLAR, 000095 

| : 

3 DIMENSIONS : FULL-SCALE MODEL SCALE 
Area - Ft* 100,15 0.090 
Span (equivalent), Tn. 201.0 6.03 
Inb'd equivalent chord, In. 91.585 _ 2.748 
Outb'd equivalent chord, In. 50.833 1.525 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.400 0,400 
At Outb'd equiv. chord — 0.400 _ 0,400 

Sweep Back Angles, degrees | 
Leading Edge 34 83 7 cya :< 
Trailing Edge 2625 24.25 
Hingeline _ 34,83 _ 38h 

(Product of area & c) 
Area Moment (Nopmadodoobdageodbbne ), Ft 7 610,92 O16 
Mean Aerodynamic Chord, In. 73.2 2.196 
¢ 6] aU aula Ga baad 


ORIGINAL PAGE IS POOR 








TABLE IIL. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: BOOSTER SOLID ROCKET MOTOR - 59) 


GENERAL DESCRIPTION: 





mr ee le aD a eS A I Gi me 








MODEL SCALE: 0.030 , 





DRAWING NUMBER —-VL72-000143D, VL77-000066 











: DIMENSION: | | FULL SCALE | MODEL SCALE 
| 
| Length (Includes nozzle), In. 1789.40 53.682 
| MeOWeh Tank Diameter, In. 146.00 4.38 
! SF 
_ il AnonoBepih Aft shroud Dia., In. 192.00 5.76 
| Fineness Ratio 9.3198 9.3198 
: Areo —- Pt” 
Max Cross-Sectional 201.062 _0.1809 
Planform 
Wetted 
Bose 
WP of RSRM centerline (2p) 400.0 1.200 
FS of RSRM nose (Xr) 74.3.0 22.29 
RP of RSRM centerline (Yr) 250.5 72515 





i TABLE III. - MODEL DIMENSIONAL DATA ~ Continued. 


MODEL COMPONENT: EXTERNAL TANK = Tag | 


ee ee te 


GENERAL DESCRIPTION: 
NOTE: (Dimensions are to tank structural OML, TPS not included.) 


, , 


| DRAWING NUMBER - __VL72=000143D, VL78-000043 
: DIMENSION: | | FULL SCALE | MODEL SCALE 
| 
| Length , In, 18275 55.328 ___ 
! Mox Wiketth Dia., In. 231,00 9,93 
| Mox Depth 
: Fineness Ratio 5.687 5 687 
Area - Ft? 
Max Cross-Sectional 594.678 0,053. 
Planform 
Wetted 


| 


Bose 





TABLE III. - MODiL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: VERTICAL - Va 


Ne i 


eo ere 08 er em ee ¥ 


! GENERAL DESCRIPTION: Configuration 140° a 1 ; oe 
| to conf / = 
eos lia ee ep eS 


MODEL SCALE: 0.030 
DRAWING NUMBER: VL70-000140C, -O001,48 


: DIMENSIONS: FULL SCALE MODEL SC/LE 
| TOTAL DATA 
| Area (Theo) - Ft : 
Planform £13,253 Q,372 
| Span (Theo) - In. 315.72 9,472 
. Aspect Ratio 1.475 1.675. 
| Rate of Taper 0.507 0,507 
| Taper Ratio O.L0h - O.L04 _. 
Sweep-Back Angles; Degrees. 
Leading Edge 45.000 45.000 
Trailing Edge 26,25 26.25 
0.25 Element Line b1.13 b1.13 
Chords: 
Root (Theo) ‘NP 268,50 8.055 
Tip (Theo) WP 108,47 3,251 
MAC 199.8) 5 992 
Fus. Sta. of .25 MAC 163.35. 43.90) 
W.P. of .25 MAC 635,52 19,066 
B.L. of .25 MAC 0.00 0.00 
Airfoil Section 
Leading Wedge angle - Deg. 10,00 19,00 
Trailing Wedge Angle - Deg. 14.92 14.92 
Leading Edge Radius 2,00 9,060 
Void Area 13.17 | Q,0019 3 
Blanketed Area 0.0 0,0 | 
54 : 
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TABLE IIIT. - MODEL DIMENCIONAL DATA - Concluded. 
MODEL COMPONENT: WING-W 14 
TIVEQN DESCRIOTICN: Confiruration h 


"OT: Tdentical to Y 





excent airfoil thickness, Dihedral anzle j 













trailine edge of wine 
SS a SSS eS SS PSs SPs ie pl tos PPD son easbensdnasvngrenes 


MANET SCALE 





re oe Ta) 
. =§ : +o @ 
EE eI cE 




















DIMENSIONS: FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area tne0.) Ft? 

2? Tanform 2490.00 2.4?) 
Snan (Tneo In, | : 936.6% 92.10 
Asnect Ratio 2.2465 2 O56 
Rave of Taner 1177 Lek ?7 
Taper Ratio | 0.200 0.200 
Dihedral Angie, degrees 3,500 3,590 
Incidence Angle, degrees - 0,590 G,£00 
Aerodynamic Twist, degrees ~ 3,000 ana 
Sweep Sack Angies, degrees | | 

Leadina Edge 45.000 AS 000 
Trailing Edge - 10.054 ~ 19.054 
0.25 Element Line 35.209 _. 35.209 
Chords: | 
Root (Theo) B.P.0.0. 629 2) 20.477 
_ Tip, (Theo) B.P. | 137,25 LA 
MAC 7 : _ WD R] RAY 
Fus. Sta. of .25 MAC 11.36.83 3/,.105 
W.P. Of «25 MAC 290.58 R717 
B.eL. of .25 MAC TR2,73 5 hod 
EXPOSED DATA _ < 
rea (Ineo: FE 1751.50 1.575 
Span, (Theo) In. BP108 | 720 4° 21.42C 
Aspect Ratio 2.059 2.059 
Taper Ratio | 0.245 0.245 
Chords | 
Root BP108 : _ 562.09 14.843 
Tip 1.00 db | 137.85 4134 
MAC | 292.73 11.785 
Fus. Sta. of .25 MAC 1185.98 35.579 
W.°. Of «25 MAC 29h, . 30 ee) 
B.L. of .25 MAC 7 251.77 ae ee 
Airfoil Section (Rockwell Mod NASA) 
XXXX~64 
Root b= oe OS OI 
5 | 
Tip b= 9.320 0.1270 
vd OT ea tee — 
Oata for (1) of (2) Sides 
leading fdge Cuff ” 
Ptanferm Area St ae Pal ce 
Leading Edce Intersects Sus M, L. @ Sta 500.0 __ [5.00 
Leading Edge Intersects Winc 9 Sta 102',.00 30.72 
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OWG. NO. VL79-000140A, -000200 


TABLE IV. 
‘ORBITER WING PRESSURE TAP NUMBERS 
nN ORBITER LEFT WING PRESSURE TAP NUMBERS 
NC OW a ai SMT G36) 147.93 1 
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TABLE VII. EXTERNAL TANK PRESSURE TAP NUMBERS 
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b. Model Attitude Definition 


- Continued. 


Figure |. 
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: 5 OUTPUT VOLTAGE 








ELEVON HINGE MOMENT WIRING DIAGRAM 
TYPICAL FOR INBOARD AND OUTBOARD ELEVONS 





Cc. Elevon Electrical Hookup and Sign Conventions 
Figure 1. - Concluded. 
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(T59) External Tank Protuberances 


Cc. 


Figure 2. - Continued. 
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PRESSURE ORIFICE LOCATION OF LEFT WING PANEL 
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212 213 214 | 216 







209 210 211 
T5110. -208 = 3s 
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Figure 2. - Continued. 
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Figure 2. ~ Continued. 
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FIG. 39 SUNMARY. LONGITUDINAL ACRODYNAMIC CENTER LOCATION 
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FIG. 4i SUMMARY. DIRECTIONAL AERODYNAMIC CENTER LOCATION 
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Tabulations of plotted data may be obtained 
from Data Management Services upon request. 
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